Waters in marine and freshwater areas of Puerto Rico were analyzed for the presence of Legionella spp. by direct fluorescent antibody assay with guinea pig confirmation. Several species, including L. bozemanii, L. dumoffii, L. gormanii, L. longbeachae, L. micdadei, and L. pneumophila, were widely distributed among all sites. Legionellaceae, including L. pneumophila, were found in high densities in water collected in the rain forest from epiphytes in trees 30 ft. (about 9.25 m) above the ground. Both interspecific and intersite variations were significant. L. pneumophila was the most abundant species at all sites, with average densities of 104 cells ml-', very close to the range which is potentially pathogenic for humans. Densities of L. pneumophila were highest in sewage-contaminated coastal waters. These are the highest densities of Legionella spp. ever reported for marine habitats. Densities of L. pneumophila were positively correlated with concentrations of sulfates, phosphates, and pH. A survey of 88 fatal atypical pneumonia cases at a Puerto Rico hospital showed that 15% of the patients had L. pneumophila infections. This study establishes L. pneumophila as a relatively common cause of atypical pneumonia in Puerto Rico and suggests natural aquatic habitats as possible sources or reservoirs of pathogenic Legionella spp. in the tropics.
Since the isolation of Legionella pneumophila in Philadelphia, Pa., at the American Legion convention in 1976 (18) , 11 serogroups of L. pneumophila and 22 other Legionella species have been described (25) . Twelve of these species have been implicated in human infections (5, 6) .
Most environmental studies on legionellae have concentrated on artificial aquatic habitats that are believed to function as amplifiers (hot-water tanks) or disseminators (e.g., aerosol-producing cooling towers, air conditioners, vaporizers, shower heads [23] ) of Legionellaceae. Christensen et al. (8) showed that infectivity of L. pneumophila was positively correlated with conductivity, growth temperature, and dissolved inorganic carbon and consistently negatively correlated with dissolved oxygen in domestic-and industrialuse waters. In addition, various species of amoebae, ciliates, and cyanobacteria have been found to be associated with legionellae (2, 9, 21, 24, 26) . However, only a few studies have ever examined natural nonepidemic waters for the presence of this genus (13, 20) . Fliermans et al. (14) demonstrated legionellae in 792 of 793 samples examined in the southeastern United States, demonstrating their ubiquitous nature among natural aquatic environments.
The present study examined the distribution and abundance of Legionellaceae in natural aquatic habitats in Puerto Rico.
MATERIALS AND METHODS
Study sites. Twenty-six sampling sites (16 marine, 8 freshwater, and 2 estuarine) were chosen from five different sampling areas for their accessibility and diversity of water quality. Eight sites along San Juan beaches, which receive constant input from storm drains and illegal sewage discharge from the city of San Juan, were sampled (Fig. 1) . This area constitutes the major hotel and tourist zone. The Canias River (five sites) passes Data analysis. The data were analyzed with prepared programs for Apple II and IBM 370-148 computers. Factorial analyses of variance were used to test for differences between sites and species. Multiple correlation and regression analyses were used to determine relationships among the parameters measured. Heteroscedastic data were made more homoscedastic by using the appropriate transformation before analysis. Any probability of less than or equal to 0.05 was considered significant (27 from cyanobacteria of the species Fischerella, Phormidium, and Oscillatoria enhance L. pneumophila growth (2, 24). Thus, phosphates might play an important role in L. pneumophila ecology by providing cyanobacteria with a substrate for photosynthetic products. Increases in cyanobacteria (which are inhibited by ammonia) can cause the pH of poorly buffered waters to increase, which could also explain the positive correlation between L. pneumophila density and pH.
Although the highest DFA counts were found in the San Juan area and L. pneumophila density was negatively correlated with salinity, this finding was probably spurious since a more significant positive correlation (-0.23 versus 0.46) was observed for total Legionellaceae. Fliermans (11) found that, in temperate areas of the United States, as salinity levels increased to saltwater concentrations, neither Legionella isolates nor samples positive for DFA could be obtained. Because of the strong positive correlation of total Legionella sp. density with salinity and the high densities of Legionella spp. at strictly marine sites (La Gata, Boca Vieja, and San Juan), if salinity has a deleterious effect on the Legionellaceae some other factor(s) must counter for it in the marine tropical aquatic habitats studied in Puerto Rico.
The presence of L. pneumophila in the water pooled by epiphytes along the Mameyes River was an interesting finding which implied rainfall, aerosols from the river, or both as a source of the bacterium. Turner et al. (25) Lugo and Holdridge (17) , act as carbon sinks through aquifers and rivers, along with the abundance of solar energy, provide Legionella spp. and other microorganisms with the substrates to reach higher densities, species variability, and an array of relationships yet to be discovered.
Considering the great potential for L. pneumophila infections in Puerto Rico, it was puzzling that only four cases of Legionnaires disease were informally admitted by local physicians (C. Ramirez-Rhonda, personal communication). Either the mechanisms of transmission, infectivity, and susceptibility were different in Puerto Rico than in other countries or many cases of Legionnaires disease were undiagnosed and unreported. The latter served as the working hypothesis for a recently completed research project aimed to determine the incidence of fatal Legionnaires disease in Puerto Rico (C. Ortiz-Roque, Abstr. 4th Congreso Estudiantil de Investigacion Cientifica 1986, N15, p. 9).
Of 88 patients with pneumonia at the Medical Center of Puerto Rico during 1984, 13 (15%)'were positive for Legionnaires disease. This finding establishes L. pneumophila as a relatively common etiological agent of fatal pneumonias in Puerto Rico and stresses the importance of early diagnosis and treatment for Legionnaires disease in our tropical milieu.
Our results are in agreement with those of Schlech et al. (22) , who described continued transmission of Legionnaires disease during 1981 and 1982 affecting 27 tourists visiting St. Thomas and St. Croix in the U.S. Virgin Islands, only 50 miles from Puerto Rico. Potable water was found to be the most probable source of L. pneumophila. In addition to L. pneumophila, L. bozemanii, and L. Iongbeachae in various water sources, new Legionella species were isolated (L. santicrucis, L. cherrii, and L. steigerwaltii). Thus, the abundance and species variability of the genus Legionella in the Caribbean was corroborated in the present study.
